kyny NH4NO; (8 109% pacrBopa na 1 monekyny NH4NO; npuxoautcs 41 mo-
JIeKyJia BOIbl), 3aTPYHHSAsS ee pacnaj H MpensaTcTBYs [0pearnpoBayHIo.
C pocTtoM KOHLEHTpaLMH, HauHHasi C HEKOTOPOro ee 3HaueHHs, MOJ COBu-
KYIHBIM JeHCTBHEM HECKOJbKHX (PaKTOPOB (KOHLEHTpPAllWH, BO3POCUIHX H
TeMIepaTypbl) Bce GOJblLIasi 4acThb NPOAYKTOB paclajga ycleBaeT IPOB3au-
MOJefcTBOBaTh MeXJay co00H. BciencTBum 3TOrOo OBICTPO pacTeT 3HEPro-
Bbinesenne B 3XP u napamerpbl netoHauuu. HaunHas Ke ¢ KOHLEHTpaUHhk
30—409% orHOCHTEJbHASs YAaCTh MOAOGHOrO HOpeardpoBaHHUs IIPaKTHUECKH
OCTaeTcs MOCTOSIHHOH M CKOPOCTb NETOHAUHH pacTeT 3a CYeT YBeJHYEHHS
Macchl aMMHAYHOH CEeJHTPhl B pPacTBOpe.

JIpyruMm BeposSiTHBIM OOBSICHEHHEM MOXKET ObIThb anCcOpOLUHS MOJEKYJ
HJIM NPOAYKTOB JHMCCOLMALHM aMMHAYHON CeJHTPhl Ha INOBEPXHOCTH 3epeH
rekcoreHa. C poCcTOM KOHLEHTpAUWH YBEJHYHBAETCS YHCJIO MOJIEKYJ aMMH-
a4yHOH CeJIUTPBl HA 3epHax rekcoreHa. [Ipu AOCTHKEHHH Ke HEKOTOPOro 3Ha-
YeHHsl KOHLLEHTPALUH IPOUCXOJHUT HaChIILEHHE.

AHaNOrHUHBIMHU PACCyKIEHUSIMH MOXKHO OOBSICHATh TaKKe IafeHHe CKO-
pOCTH [eTOHALMH C POCTOM KOHLEHTPALHH HOAMCTOTO aMMOHHS B CHCTeMax
rekcoreHa.

ABropsl 6naromapsit B. B. SIkyuieBa 3a mnosesHble KOHCY/JIbTAUHH H
C. @. KysHenoBa 3a OMOIIb B [POBEJEHHH IKCIEPHMEHTOB.

ITocrynuara 8 pedakyuro
5/VII 1972
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YK 662.215.1

JETOHALUS TETEPOTEHHBIX CUCTEM
NPEABAPUTEJIbHO HE CMEIIAHHBIX ®A3

B. M. I'endyeos
(Mocksa)

BriepBpie Ha BO3MOMKHOCTb paclpoCTpaHeHHs AeTOHAUWH B TpyOe, 3a-
IIOJIHEHHOH ra3o06pa3HbIM OKHCJIHTENEM, CTEHKH KOTOPOH CMOYEHBl TOHKHM
CloeM KHIKOTO TOIJIMBA, yKazaHo B pabore [1]. BrocneactBuum pacrpo-
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CTpaHeHHe NETOHAllMH B TAaKHUX CHCTeMaX ObLJIO MOATBEpPXKJEHO B psAle pa-
6ot [2—5]. IIpu 3TOM YCTAHOBJIEHO, UTO MO NOKOSIEMYCS OKHCJHUTEIIO JBH-
JKeTcsl FOJIOBHAsSI yaapHasi BOJIHA, CKOPOCTb KOTOPOH 3aBHUCHUT OT (PU3HKO-
XHMHUYECKHX CBOHMCTB (a3 ¥ OT IJIOIIAAW BHYTpeHHeH IMOBEPXHOCTH TPYOHI,
IOKPBITOH TOIJIHBOM. B TOM ciydae, KOTJa BHYTPeHHSAs] NOBEPXHOCTb TPYOhi
MOJTHOCTBIO TOKPBITA IJIEHKON TOIJIMBA JOCTATOYHOH TOJIIHHBI, CKODOCTb
TOJIOBHOH yAapHO# BOJHBEI OJH3Ka K CKOPOCTH pPaclpOCTPaHEHHA AETOHAUHUH
Yenmena-Kyre.

CyluecTByolHe MOJe/H NeTOHALMH TeTePOTeHHBIX CHCTEM IpeiBapH-
TeJbHO He cMellaHHBIX (a3, CBOASTCS K OJHOMePHOHN CTalHOHApHOH MOJeau
neroHauun YenmeHna-)Kyre [6] wuiam BuIOM3MEHeHHOH MOJeJNH JeTOHALMHU
3eabpoBuua-Heilimana-1épunra [5, 7].

B nanHoii pa6oTe HOJMyuYeHO pellleHHe 3a4ayd O MNOBeJAE€HHH YAApHOH
BOJIHBI B Tpybe, 06YCIOBJIeHHOE BAUSIHHEM IIOTPAHHYHOTO CJI0S 32 YAAapHOH
BosiHOU. [Ipm 3TOoM KoMIJeKc yaapHasi BOJHA — IOTPAHUYHBIN CJIOH C HC-
napeHHeM U TOPEHHEM OTOXKJECTBJSETCS ¢ JAeTOHAUHed reTepOreHHbIX CHC-
TeM IIpeBapUTEIbHO He CMellaHHBIX (as.

[lyctb 3apanee copmynupoBaHHas IJIOCKas yjpapHasl BOJIHA, HMeIO-
nasi NoCcTosHHYI ckopocThb Us, BXOAUT B nonybecKoHeuHylo TpyOy, ocb KO-
TOPOH COBIIajiaeT C HampaBJ/JeHWeM ABHKEHHS BOJHBEL. Tpyba, mMeromas Io-
CTOSIHHOe IOIlepeyHOe ceyeHHe, 3alloJHeHAa IOKOSIINMCS Tas3o00pasHbiM
OKHCJIHUTEeJEM C TeMiepartypol T, IJIOTHOCTRIO Oy, AaBJeHHeM pi. B kaxnom
CeueHHH R-s1 4aCTb BHYTpPeHHel MOBEPXHOCTH TPYOBI IOKPBITA TOHKHM CJ0EM
*)ugkoro tomuBa. Ilyeth och X coBmamaer ¢ ocbio TpyOHl. Brifepem Hauajo
KOOpJHHAT Ha KOHIle TPYyOHl, a 3a NOJOXKHTEeNbHOE HalpaBJ/JeHHe OCH X — Ha-
IpaBJeHHe IBHXKEHHUS YIapHOH BOJHBL

Ilas onpemeseHHss CKOPOCTH YAapHOH BOJHBI TPeOYyeTCsl pellHTb COB-
MECTHO CHCTEMY HEOJHOMEPHBIX HeCTAlHOHAPHBIX YypaBHEHHH II0OTOKa C
YUeTOM HCIIapeHHs ¢ [IOBEDXHOCTH H FOpeHHeM B NOTPAHHYHOM cJjoe. B Kax-
JIOM CEeYeHHH TPYOBl CKOPOCTH, TeMIepaTyphl, IJIOTHOCTH B IIOTOKe rasza 3a
yAapHOH BOJHOH ycpeaHsieM IO IJIOMIAAH NoIepeyHoro ceuenus. [Ipu 3tom
H3yyeHHe HEOJHOMEPHOrO II0TOKA CBOAMTCSA K H3YUEHHIO OJHOMEPHOro C yde-
TOM BJHSIHUSI CTEHOK.

TaKI/IMU 00pasom, NPUXOAHM K HEOOXOJMUMOCTH pelLIeHHs HEOXHOPOMHOM,
KBasWIHHEHHON CHCTeMBbl YpaBHEHHH AJs ra3a B IPeANOJOKEHHH, 4TO ras
NO-TIpeKHEMY KOJOPHUECKH COBPEMEHHBIH:

a0 Ju 0
3 TPy Tu—=m-=mlx, 1),

ou , _ Ou o _81_ " , "
aS s . — H 4+ u?]
-y 92 g ) rudmi, +
R oT : (1
p=pRT

C TPaHUYHBIMH YCJIOBHUSIMH Ha yAapHOH BOJHE:
p o Mi—(v—1)

P v+ 1

] .
oM g ) (2)
o (+HM

01 (y—1) Mig2
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H TpH X—>— 00,

p-o=const,
U_,=const, (3)
p—w=const,

rae p, p, I, u, S— COOTBETCTBEHHO JaBJjleHHe, IIJIOTHOCTb, TeMIlepaTypa,

CKOPOCTb, SHTPONHsI B IOTOKe 3a yAapHO# BoJHOM; M =—ali — yucano Maxa

yIapHOH BOJIHBI, 9 — MOKa3arelb anuabartbel; R — yHHBepcanbHasi rasoBas
NOoCTOsIHHAS; /1 — noJiHasi 3HTANbIHS TOPMOXKEHHS; @ — CKOPOCTb 3BYKa.
dyukuun m(x, t), r(x, t), g(x, t) B NpaBBIX YacCTAX CHCTeMBbl ypaBHEHHII,
XapakTepH3ylolllie BJHSHHE NOIPAHUYHOTO CJIOS Ha MOTOK, ONpeNessIOTCS
U3 YCJIOBHH Ha NMOBEPXHOCTH TPYObI U Npu x=0 HMeIOT BUM:

t) ==& (00).,,

P t) = - [ =Ryt + k]

) (4)
q(x,t)=— [—(1— k) go+ k(Q—4q,)].

Ilpu x<<0 ¢yukuuu m(x, t), r(x, t), g(x, t) paBHBI HyJIO.

L —nepumerp TpyOn; A — miomanb NOMEPEYHOrO CeueHHs] TPYGHI;
(pv)w— TMOTOK Macchl C €IMHHIb IUIOIIAAN B €IHHHIY BPEMEHH; T, — Ha-
npsiKeHHe TPeHHs Ha eJHMHHLY IUIONIANH; §, — MOTOK TelJjia Ha eNHHHILY
mIomaAu B €AMHHLY BpeMeHH; Q== (pv),aA —NOTOK Temaa, BbIAEJSIO-
LIMHACA B CeueHHMH MNOrPaHMYHOTO CJOsI BCAENCTBHH ropeHus; AH — temnora
peakiun Ha eIMHHIy MacChl TOIVIHBA; o — KO3 (UIHEHT, XapaKTepH3yIo-
IIMH HEIOJHOe CrOpaHHWe MCIApHUBILErocs B TOTPAHUYHBIA CJIOH TOIJIHBA.
HNunexc w oTHOcHTCS K apamerpaM Ha MOBEPXHOCTH TPVOb; 0 — OTHOCHT-
Cs K mapaMeTpaM Ha «CYXOH» MOBEPXHOCTH.

Cucrema ypaBHenuil (1) ¢ rpanmudbiMH ycaoBusaMu (2), (3) B ABYX
caydyasix MOxKeT OBbITb JIHHeapu3WpOBaHa HAJ OCHOBHBIM CTAalMOHAPHBIM IIO-
TOKOM 3a yJIapHO#l BoJHOH. B mepBoM ciyuae JuHeapu3anus BO3MOKHA He-
MOCPeACTBEHHO Tocjae BXoxa BoJsHbl B Tpyby. Ilpu stom TommuHa mnorpa-
HUYHOTO CJIOSi B OKPECTHOCTH Hauajsa KOODJAMHAT MaJja MO CPaBHEHHIO C Xa-
pakTepHBIM pa3mMepoM TPYOBl U €ro BJIHSHHE Ha MOTOK caaboe.

Bo BrOopoM cayuae JjuHeapu3aunus NPOHM3BOAMUTCS Haa MOTOKOM, KOTO-
pBIl ompejeasercd yZapHOH BOJHOH, MMeEIOIIEH MOCTOSHHYI CKOPOCTb pac-
NpoCTpaHeHHs IPH HAJTUYUK FOPeHHUs B IOTPAHUYHOM CJIOE.

IlpencraBuM CKOPOCTb NOTOKAa rasa, JaBJjeHHe, MJIOTHOCTb, TEMIIEPATY-
Py, SHTPOIHUIO KaK:

u=us+Au; p=ps+Ap; p=ps+Ap;
T=Ty+AT; S=S8,-}+AS, (5)
rae A — npupalleHHe COOTBETCTBYIOLUIMX I1apaMeTpOB, HHIEKC 2 OTHOCHTCS

K llapaMeTpaM OCHOBHOTO CTAllMOHAPHOIO MOTOKa 3a yaapHoi BosHo#. Tor-
Ja cucreMa ypaBHeHHH (l) mo MasabIX BTOPOTO MOpsAKa HMEET BHAL:

dAp . dAu . Mo L A
0Au 0Au oA
P2 —=— + Paolls — =— L —mu—r(x,1),
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oAS . 9AS  q(x, )+ ruy+m [Hy — H,y —uj] (1"

AS _ Ap _ Ap
¢, Pe Lo,
C TPAHUYHBIMH YCJOBHSIMH Ha YJAapHOH BOJIHE:
_ 4
P1 e IM‘SAMS’ :
All 2 1
1 4+— 1AM, 2/
ay Yty +Ms s ()
Apﬁ _ 4 .
[ (y—lHM2+2 M
U IIPpH X—> —
Ap=0; Au=0; Ap=0. (3"

Bosmyuienusi, obpalieHHble BIepel, B3aHMOIEHCTBYIOT C YIapHOH BOJHOI
U HU3MEHSIOT ee CKOpOCTb.

YBeqnueHHe WM YMeHbLIEHHe CKOPOCTH CBSI3aHO C IOJIOXKHTENbHBIM
WM OTPULATETbHBIM NpHpalleHHeM NaBJeHHs Ha ymapHoi BosHe. Ilpupa-
LleHHe [aBJeHHS Ha yAapHOH BOJHe JErKo HAaHTH M3 COOTHOLIEHHH BIOJb

d o
XapaKkTepHCTHK Ct: = = u, - @y 1 rpaHuuHBIX yeaoBui (27), (3)

—1 .
Ap:m&{-f-/ﬂ(b@-f@) -~ [C] ru, 4

m(H, — Hy + 13)] ) dt, (6)
14+ M2
rae M, = 2 _ ypeqo Maxa noroka; F=1-+ ";;‘;”1 . |+ ) * Xa — KO-
1 AVAS

OpIMHATa YyHapHOH BOJIHBI; Xo— KOOpJAMHATa Ha OCH X, COOTBETCTBYIOLIAs
Xy. 3aMeTuM, 4to BHUA (5) OAMH H TOT XKe HJs1 TYpOYJIEHTHOTO M JaMHHap-
HOrO MOTPaHHYHOTO CJOS 3a yAapHOH BOJMHOH. B manbpHeiiiem Oymnem npen-
noJsiarath, 4TO IOTPaHHYHBIN CJAOKM 3a YXapHOU BOJIHOH JIaMHHApHBIH.

HanpsixkeHne TpeHUS Ty, HNOTOKH TEIJIA (qp, q?y M TOTOK MaccChl (pU),
HMEIOT BHI:

o0 Iln(1+B)

T B ,

w

Jw — ( cpTy —cpTw

(7)
Go=!¢To— ;T + - + c.PAH In(l+8)

Q=

In(l - B)aAH,

Us

e Cie— KOHLUEHTPALUd OKHUCJHUTEJsT Ha BHelIHeH rpanuue norpaHu4yHoro
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caosl; P = ———— CTeXHOMEeTPHYECKOe MacCOBOE OTHOIIEHHE TOIJIHBA
v, — Vv )
( 1 1
(ov)
K OKHCJAUTEN0; B =——— — nmapaMeTp MaccoOOMeHa.

[puuem (cm. [8])

/ U 1/2 .
0,480, | (1+ 1,665 ;—— | Ud—x"2% (8)
Ypasuenue (6) ¢ yuerom (4), (7), (8) ¥ cOOTHOLIEHUS
nocJe HUTEerPUPOBAHHUSI MPUBOAUTCS K BHAY
L
Ap = Ay ®)
e 112
— — Ug) Polly U : 1
= 0,978|—_ 141,665 7 —— — |
G—(l—k))l—(v—l)MmL ! ™2 l
3 | 27 M., T |
In(l-+B
CROER N oMy, 1 ——
+ (‘Y—_ 1) C15CDAH ’ ’ 1 ar2 Tm [ 1\OLAH ’
M

3HaK NpHpalleHusl AAaBJeHUs Ha yAapHOH BOJHE INPOTHBONOJOXKEH 3HAKy
oe3pasmepHoil GyHKUHH G, TOCKOJABKY (YHKUHS K. OTpUUATEJbHA [Js
JI0OBIX uyucea Maxa ymapHO# BOJHBI, OOJbIINX eTHHHLBL. JIerKo MOKasaTb.
uyTo G NPH OTCYTCTBHU TOpPEHHS B NOTPAHHUUHOM CJOe BCeraa MOJOKHTeNb-
na. CienoBartenbHO, B 3TOM cJayyae ynapHas BOJIHA, BXojdllas B Tpyoy,
3aTyxaer.

Ecnu B morpaHuuHOM cJjioe HMEeT MeCTO TFOpeHHe, TO NPH JOO0M (HK-

CHPOBAHHOM 0. B MHTepBaJe K‘—;}-, l), G, Kak pyukuus yuciaa Maxa ymap-

HOH BOJIHEI, MOHOTOHHO BO3pacTaer u ofpariaercs B HOMIb IpU Ms=Myup>1.
Kax Buano us (9), ycnosue Gy, (Mg)==0 ecTp ycioBHe CTALHOHAPHOTO pac-
NpOCTpaHeHusl yAapHOH BOJHBEI B TpyGe.

M3 ycnoBusi MOHOTOHHOTO Bo3pacrauus ¢yukuun Gp cjaeayer, 4TO
yaapHasi BOJIHA, BXoAsdliasa B Tpyby ¢ unciaoM Ms<Mg, ycKopsieTcs U BBIXO-
JAUT HA CTALMOHApHHIH pexuM pacrnpocrpanenus. Ecin M>Mg,, ynapnas
BOJIHA 3aTyXaeT M BBIXOJAUT HA TOT XKe CTallMOHAPHBIH peKHM.

Taxum o6pa3oM, AeTOHAlMsi FeTEPOreHHBIX CHUCTEM INpPEABAPHUTENBHO He
CMellaHHbIX (a3, MHULUUPOBAHHAS yAAPHOH BOJHOH ¢ uncaoM Maxa MmeHb-
weM Mg, mepBoHAYATIBbHO YCKOPSIETCs, a 3aTeéM BBIXOAWT Ha CTALHOHAPHBIHA
YCTOHYHUBLIA PEKUM pacupocTpaHeHHUs.

Kak cnemgyer u3 uanoKeHHOI paGoThl, HaJHUHe TOPEHHsI B MOTpaHHU-
HOM CJIOe 3a YyAAapHOH BOJIHON, NPUBOAHUT, B YAaCTHOCTH, K €€ YCKOPEHHUIO H
BBIXOAY Ha cTauHoHapHbIl pexkum. CienoBatesbHo, HEOGXOAUMBIM YCJIOBHEM
BO3HUKHOBEHHSI [ETOHAUHHU TeTepOreHHbIX CHCTEM INIpelBapHTEJNbHO He cMe-
MaHHblX (Pas NpH MHHUMHPOBAHWM YAADHBIMU BOJHAMH SIBJSIETCS YCJIOBHE
BOCIJIaMeHeHHsI ropiouell cMecUu B MOrPpaHHYHOM CJI0e 3a Hefl.
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Onpenenum Ko3hOhHLHEHT ¢ U3 HAGMIOLaeMOr0 B SKCIepuMenTax (hakra
npuOIHAKEHHOTO paBeHCTBA cKopocTell neronanuu Yenmena-Kyre um gero-
Hallu¥ TeTepPOreHHbIX CHUCTeM IpeABAPHTENbHO He CMelllaHHBIX a3, Kormpa
BHYTPEHHSI MOBEPXHOCTh TPYOBI IOJMHOCTBIO MOKPBITA TOIMJHBOM (kR=1)

AH
1~l/ 2 f3 )1+(Daf'

[Ipn stom ckopoctu, pacuutaHHbie ajst cucreM H — nekan (H — rekcame-

KaH) — KHCJOPOA, KOrga k- 4acTh IOBEPXHOCTH CMOUYEHa TONJUBOM (k=

3 1 1
= —Z—; = —\, B PasyMHBIX Inpenesax coBnagalT cO CKOPOCTIMH, HabJ110-

AaeMbIMHA B 3KCNEepHMeHTax. TaK, JJId CHCTEMBbI H—I‘eKCaILeKaH—KI/ICJIO-

3
pox, xorga k= — Haluawogaemass ckopoctb 1800 m/cex, pacuerHast
1891 x/cex.

Hocrynuaa 8 pedaxkyuro
101V 1972

JIJUTEPATVYVPA

1. M. R.Loison Comptes Rendus, 1952, 234, 15.

2. B.®. Komos, K. Tpouwwun Hoka AH CCCP, 1965, 162, 1.

3. B.®. Kowmos, 1. K. Tpowun Hoka. AH CCCP. 1967, 175, 1.

4. C. A. Jlecusax, M. A, Haszapos u ap. Hoka. AH CCCP. 1968, 182, 5.

5. Peraanpg, . Huxouac PakerHas TexHHKa W KOCMOHaBTHKa, 1969, 75.

€. I'Il.Uepenanos. [IMT®, 1965 4.

7. M. Sichel, C. S. Rav and J. Nicholls. A simple the Ory for the propagation
of film detonation Aun Arbor, Michigan, 1970.

8. . Maunpuac. C6.«Ynapusie pr6b1>> M., WJI, 1962.

YIOK 662.215.1

JETOHALUSI BB C BOPOM
1N EFro OPTAHUYECKHMHU MPOU3BOAHBIMHU

JI. H. Axumosa, \A. . Anunl JI. H. Crecuk

(Mocksa)

CrpemyieHHe YBEJHUYHTH yJe/IbHOE JHEPTOBbIAETEHHE B NpoLecce B3DbIB-
94aToOro NpeBpalleHHsi MPHUBENO, KaK M3BECTHO, K HCIOJb30BAHHIO BBICOKO-
9HepreTHYeCKUX MeTassoB (aJIOMHHHUE, MarHuil, 60p) B KauecTBe KOMIIO-
HEHTOB B3DBIBUATHEIX cMecell. Jlo6aB/ieHHe NMOPOIIKOOOPA3HOIO aJIOMHHHA K
TaKHM MOIIHBIM B3pLIBUATBIM BelllecTBaM, KaK TeKCOreH M T3H, MOBBIAeT
TensnoTy B3peiBa [1]. B TO Ke BpeMa CKOpPOCTb [eTOHAaUMH CMeceH
MouiHsix BB ¢ amiomuHuem, KoTopasi aBisieTcsl (pyHKUHEH yaeJbHOH TenJo-
THl B3pblBa, He TOJLKO He YBEJHUHBAETCsS, HO, KaK NMpPaBHJIO, yMeHbIIaeTcs
[2, 3]. B paGore [4] mns 3apsmoB MaJsof IJIOTHOCTH, KOTHa IMPOAYKTHI je-
TOHALMU OINHMCHIBAIOTCS YPaBHEHHEM COCTOSIHHS HIeajbHOro rasa, GblJIO IO-
Ka3aHo, 4TO N00aBJeHHe AJIOMHHHA 3aMeTHO YBeJTHUHBAET CKOPOCTb AeTO-
HalUHU TOJABKO Y BB ¢ mOMOKHTeNbHBIM KHCJAOPOIHBIM GajaHCOM. B cayuae
BB c orpruaTenpHBIM KHCIOPOAHBIM 0aJaHCOM AOMNOJHHTEJNBHOE TENJOBHI-
JeJIcHHe 3a CueT OKHCJAEHHsT AJTIOMHUHHS KOMIIEHCHPYETCS OTPUIaTeJbHBIM
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